Objective: The objective of this study was to evaluate the diametral tensile strength (DTS) and Knoop hardness (KH) of direct (Filtek Z350-3M/ESPE and Charisma-Heraeus Kulzer) and indirect composites (Sinfony-3M/ESPE and Signum-Heraeus Kulzer) kept in storage for two periods of time, 24 hours and 10 months, in distilled water.
because restoration is generated on a die rather than directly in the cavity preparation. 4 In addition,
as the restoration may be fabricated outside the mouth, increased temperature, pressure, light intensity, or a combination of these factors may be used to improve curing. 5, 6 However, the composition of indirect composite resin systems is similar to that of direct systems, differing in terms of the use of different methods of additional polymerization, which allows a higher radical conversion. These additional polymerization procedures can involve photo-activation, heat, pressure, and a nitrogen atmosphere, as previously described. 6, 7 Therefore, it is expected that indirect composites show better properties than direct composites because of the possibility of better activation of polymerization reactions. 8 The possibility of a higher radical conversion can improve the immediate properties of these materials, along with the longevity of the restoration. This is because most conversions can reduce the degradation and leaching of the monomeric components. 9 Aging in water, on the other hand, may have a beneficial effect on dental composites, as the water is absorbed into the resin matrix, making the composite more flexible, resulting in an apparent increase in its mechanical properties. However, over time, the leaching of the components and the swelling and degradation of the cross-linked matrix in the dental composite and hydrolysis of the filler-matrix interfaces eventually lead to a decrease in the mechanical properties. 9, 10 Thus, it is important to evaluate the properties of the composites after a certain storage time. 
MAtErIALs And MEtHods
The materials used in the study are shown in Table 1 . Mechanical properties of direct and indirect composites the glass plates were pressed to displace excess material. The plates were removed and the composite resin was exposed to visible light for a predetermined time using the manufacturer's recommendations in accordance with Paul, MN, USA) was used. The activation of indirect composites was made according to Table 2 .
After polymerization, in accordance with Table 2 , both top and bottom surfaces were wet-polished with 1200-grif SiC paper to obtain a planar and parallel surfaces. The specimens were kept in distilled water at 37°C, some for 24 h and others for 10 months before testing.
DTS was determined using a Universal Testing Mean and standard deviations of ten specimens (n=10) of each group were calculated. After, these specimens were stored again in distilled water at 37 o C for 10 months and new KH readings were performed as describe above.
Statistical Analysis
Data involving DTS and KH was statistically evaluated using Kolmogorov-Smirnov for evaluations of normality and then a two-way analysis of variance-ANOVA (composite and storage time)
was performed. Comparisons were conducted using t student test (P=.05).
rEsuLts Table 3 shows the mean DTS values of composites after 24 hours and after 10 months of storage.
The direct composite Filtek Z350 and the indirect composites Sinfony and Signum showed
higher DTS values after 24 hours than Charisma.
After 10 months, Sinfony showed the highest DTS values, followed by Signum. In this period (10 months), the direct composites Filtek Z350 and Charisma showed the lowest DTS values.
The direct composites Filtek Z350 and Charisma were affected by storage, as shown by virtue of higher DTS values after 24 hours than after 10 months, unlike the indirect composites Sinfony and Signum, which showed no difference between Table 2 . Photo-activation protocol used for each material. Signum® 180 seconds at 1100 W using xenon strobe light the periods of storage (24 hours and 10 months). 13 The literature reports a positive correlation between compressive strength and diametral tensile strength. In both types of testing, specimens are submitted to a compressive load applied at different planes, and fracture occurs as a result of tensile and complex shear stresses within the material. 13 Diametral tensile strength testing was developed to investigate brittle materials with little or no plastic deformation. In this test, a cylindrical specimen is submitted to a compressive load in the diametral plane, which is perpendicular to the longitudinal axis (Figure 1) . 13, 14 There is a close relationship between fatigue resistance, hardness, elastic modulus, compressive strength and diametral tensile strength of materials. A restorative material with high compressive strength, flexural strength and diametral tensile strength may be clinically applied and should be resistant to masticatory forces. 13, 14 Indirect composites represent an alternative that can be used to overcome some deficiencies in direct composite restorations, such as polymerization shrinkage stresses, inadequate polymerization in interproximal areas, restoration of proximal contacts, and adequate dental contour. These units combine heat, vacuum, and high in- Table 3 . Means (MPa) and standard deviation of diametral tensile strength (DTS) of direct and indirect composite after 24 hours and after 10 months of storage. Means followed by different capital letters in the same column and small letters in the same line were significantly different (P<.05).
Means followed by different capital letters in the same column and small letters in the same line were significantly different (P<.05). the oral cavity could, with time, decrease the mechanical properties of composites. 16, 17 Hydrolytic degradation is a diffusion rate-dependent process, influenced by polymer type, filler particle type, and surface treatment of the filler particle. Aging in water appeared to increase filler particle pull out on the fractured surface, possibly due to breakdowns of the silane bond between the resin and the filler particle. 9, 10 In the current study, storage in water for 10 months caused no reduction in hardness for the Sinfony and DTS for the Sinfony and Signum, whereas the direct composites showed decreases in KH and DTS, respectively. It is hypothesized that water causes a softening of the polymer resin component by swelling the network and reducing the frictional forces between chains. However, only
Sinfony was not influenced by storage. The second hypothesis was rejected.
The objective of a secondary polymerization is to maximize the degree of conversion of composites in order to improve mechanical and physical properties, durability, solvent resistance, and biocompatibility. 7, 15, 18, 19 The presence of unpolymerized monomers in the matrix negatively affects the properties of composite materials and may induce surface degradation and discoloration. 9, 10, 16, 17, 20 Additional curing allows the higher mobility and reactivity of free radicals formed by light irradiation or by thermal decomposition with an increase in collision probability among the unreacted active groups. 7, 8, 14 When the composite is heated to a temperature above its glass transition, there is an increase in the molecular mobility of the polymer chains. Therefore, it may be possible to further the chemical reaction by enhancing the molecular mobility of existing free radicals and other reactive species. 21 Thus, this process probably increased the de- 
